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(57) A lamp (8) has two or more light units assembled together, each light unit comprising a light pipe (32) 
which may be solid, having side surfaces (14) to direct light from a light receiving end 10 to a light exiting end 
(1 2), and a dedicated light source (18). The light source may be an LED. The side surface of the light pipes mav 
be parabolic. r 
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~ 1 " 

Collimating Lamp 

Technical Field 

5 This invention relates to an efficient means of and device 
for collimating light. One of a number of useful 
applications . is in producing signal lights for 
automobiles . 

10 Background Of the Invention 

Lamps of the type used for signal lights typically are 
comprised of a light source, such as an incandescent bulb, 
a lens, and a reflector or collimating surface for 
15 directing the light toward the lens. Sometimes, more than 
one bulb is used. In some lamps, light-emitting diodes 
(LED' s) are used instead of incandescent bulbs. LED' s 
emit light in proportion to the forward current through 
the diode. LED' s are low voltage devices that have a 
20 longer life than incandescent lamps. They respond quickly 
to changes in current. They produce a spectrum of light 
that is well defined and constrained. Transmission of a 
series of light beams through light pipes can be used in 
automobile lighting systems, including signal lights and 
25 head beams. Light pipes typically have a light receiving 
end and a light exiting end, and are continuous through 
the entirety of their cross section, and usually consist 
of a material that has an index of refraction 
significantly higher than that of air. 

30 
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Summary of the Invention 

The above objects as well as other objects not 
specifically enumerated are addressed by a lamp for 
emanating light having two or more light units assembled 
together. Each light unit comprises a light pipe havxng 
side surfaces to direct light from a light receiving end 
to a light exiting end and a light source. Each light 
pipe has a dedicated light source. 

According to this invention there is also provided a lamp 
for emanating light having at least one light unit. Each 
light unit comprises a light source and a light pipe. 
Each light pipe has a light receiving surface to introduce 
light from the light source into the solid light pipe in 
the form of an intra-soiid beam, a light exiting surface 
through which the light exits the light pipe, and a side 
surface . 

According to this invention there is also provided a lamp 
for emanating light comprising one or more light pipes to 
direct light from a light receiving end to a light exiting 
end and one or more light sources for introducing light 
into the light pipes. Each light pipe has a side surface. 
25 A substantial portion of the side surface is generally 
parabolic in shape. 

According to this invention there is also provided a lamp 
for emanating light including one or more light units. 
Each light unit comprises a light source; and a light pipe 
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for directing light from the light source. The light pipe 
has a light receiving end having a light receiving surface 
and a receptacle to position the light source with respect 
to the light receiving end of the light pipe. 

Various objects and advantages of this invention will 

become apparent to those skilled in the art from the 

following detailed description of the preferred 

embodiment, when read in light of the accompanying 
drawings . 

Brief Description of the Drawings 

The invention will now be further described, by way of 

> 

example, with reference to the accompanying drawings, in 
which: 

Figure 1 is a top view in perspective of a lamp 
according to the inventions- 
Figure 2 is a bottom view in perspective of the lamp 
of Figure 1; 

Figure 3 is a top view in perspective of a center 
light pipe of the lamp of Figure 1; 

Figure 4 is a bottom view in perspective of a center 
light pipe; 

Figure 5 is a top view in perspective of an adjacent 
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light pipe; 

Figure 6 is a bottom view in perspective of an 
adjacent light pipe; 

5 

Figure 7 is a cross-sectional view in elevation of a 
light unit of the invention; 

Figure 8 is a cross-sectional view in elevation of a 
10 different embodiment of the lamp; 

Figure 9 is a view similar to Figure 8 with different 
intersection points; and 

15 Figure 10 is a view similar to Figure 8 having a cusp 

border. 

Detailed Description 

20 As shown in Figures 1 and 2, a lamp 8 generally includes a 
center light pipe 30 and a plurality of adjacent light 
pipes 32. The center light pipe 30 and each adjacent 
light pipe 32 includes one or more side surfaces 14. The 
side surfaces 14 are preferably generally smooth. At 

25 least a portion of the side surfaces 14 may be a generally 
curved surface 15. Other portions of the surface may be 
generally flat, such as flat surface 17 or conical, such 
as conical surface 19. The light pipes 30, 32 preferably 
have at least one surface that is generally parabolic in 

30 shape . 
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A preferred embodiment of the lamp 8 is a collection of 
light pipes 30, 32 assembled together, although a single 
light pipe can also be employed. In the center of the 
5 lamp 8 is the light exiting surface 12 of the lamp's 
center light pipe 30. The light exiting surface 12 of the 
center light pipe 30 may non-flat as shown, or may be 
flat. The embodiment shown also comprises several light 
exiting surfaces 12 from adjacent light pipes 32. An exit 
10 surface rim 16 borders the adjacent light pipes 32 at the 
adjacent rim edge 3 6 of each of the adjacent light pipes. 
The exit surface rim 16 is used to mount or secure the 
lamp 8 to a structure, such as an automobile. The lamp's 
center light pipe 30 borders the adjacent light pipes 32 
15 at the radially inward arc edges- 34 of the adjacent light 
pipes 32. Each light pipe 30, 32 has a light receiving 
end 10 at the opposite end from the light exiting end 13. 
Each adjacent light pipe 32 and the center light pipe 30 
is coupled with or provided with a light source, such as 
20 an individual light-emitting diodes (LED) 18. The LED 18 
has one or more electrical connectors 21, as shown in 
Figures 4, 6, and 7 and attaches to an LED platform 22 by 
an LED clip 20 or by any other suitable attachment device. 

25 The light receiving end 10 serves to introduce light into 
the light pipe 30, 32. Each light receiving end 10 is the 
narrower end of the light pipe, while each light exiting 
end 13 is the wider end of the light pipe. When the light 
source is positioned at the focal point of a parabolic 

30 surface, such as those surfaces 15 disclosed in the light 
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units of the invention, some of the light strikes the 
parabolic surface. The light reflected from the parabolic 
surface travels in a trajectory generally parallel to the 
axis of revolution of the parabolic surface. The lamp 
thus produces a well-collimated light. 

As shown in Figures 3 and 4, the center light pipe 30 has 
the light exiting surface 12 and one or more side surfaces 
14. The side surface 14 is shown as a conical surface 19, 
although other shapes can be used. Figure 4 shows the 
light receiving end 10 and side surface 14. Figure 4 also 
shows an LED receptacle 38 at the light receiving end 10. 
The LED receptacle 38 includes a light receiving surface 
11 and rim-shaped or collar-shaped flange 2 8 having an 
edge 26. The light receiving surface 11 and light exiting 
surface 12 are preferably perpendicular to longitudinal 
axis A. The light receiving end 10 is coupled with the 
LED 18 by placing the edge 26 of the flange 28 on the LED 
platform 22. The light receiving surface 11 is spaced 
apart from the LED platform 22 by the height of the flange 
28. The LED 18 fits into the LED receptacle 38 of the 
center light pipe 30. The LED receptacle 38 is preferably 
round, but may be of any shape suitable for receiving and 
coupling with a light source. The LED receptacle 38 is 
preferably coupled with an LED, but may be coupled with 
any other suitable light source. 

The receptacle flange 28 shown in Figure 4 (and also shown 
in Figure 6) acts as a spacer between the LED platform 22 
and the light receiving surface 11. In a preferred 
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embodiment, the flange 28 is a contiguous band, forming a 
collar-like structure at the periphery of the LED 18. The 
flange 2 8 may also be a non-contiguous band and be formed 
of a series of individual wall-like structures or segments 
5 at the periphery of the light receiving end 10 adapted to 
surround the periphery of the LED 18. The flange 28 also 
serves to contain the LED 18. 

Figures 5 and 6 each show an adjacent light pipe 32. It 
10 should be understood that a center light pipe 30 such as 
is shown in Figures 3 and 4 is employed in a preferred 
embodiment, but a center light pipe 30 is not essential to 
the invention. The invention may be practiced with light 
pipes of the shape similar to adjacent light pipes 32. 
15 The adjacent light pipe 32 in Figure 5 includes the light 
exiting surface 12 and side surfaces 14. The light 
exiting surface 12 is framed by adjacent borders 40, an 
adjacent radially inward arc edge 34, and adjacent rim 
edge 36. The light receiving surface 11 and light exiting 
20 surface 12 are preferably perpendicular to longitudinal 
axis B. Figure 6 also shows the LED receptacle 38, which 
is functionally similar to the LED receptacle 38 of Figure 
4. Although this is circular, it can be of other, non- 
circular shapes. 

25 

The light pipes preferably employ a blended transitional 
parabolic profile design. The light pipe contour smoothly 
and gradually transitions from a circular cross-sectional 
shaped light receiving end 10 to a quadrilateral cross- 
30 sectional shape at the light exiting end 13. A 
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quadrilateral is defined as a polygon bounded by four line 
segments, each of which can be of any length. The blended 
transitional parabolic profile design assures that each 
intersection between a parabolic surface 15 used in the 
5 light pipes 32 and an intersecting hypothetical plane 
which is not perpendicular to the axis of the parabolic 
surface is in the general shape of a parabola. In a 
preferred embodiment, the light pipe is solid, but may be 
filled with air, a liquid, a semisolid or any other 

10 material having an optical index of refraction 
significantly higher than that of air (approximately one) . 
In a preferred embodiment, the side surface 14 is 
preferably generally smooth and preferably generally 
curved, but may be generally flat. Although it is 

15 preferred that at least a substantial portion of the side 
surface 14 of the light pipes is generally parabolic in 
shape, it is to be understood that other curved or even 
straight surfaces can be used. 

20 As shown in Figure 7, a light unit 49 includes a light 
source such as the LED 18 and a light pipe 32. The LED 18 
projects electromagnetic radiation or light 44 toward the 
light receiving surface 11 of the light pipe 32. The 
light receiving surface 11 is preferably hyperbolic but 

25 can be flat any other suitable contour. The LED 18 has a 
lens, which is preferably hyperbolic. The lens can be 
flat any other suitable contour. In a preferred 

embodiment, each light pipe has a dedicated LED 18. The 
term "dedicated" means . the light from a single LED 18 is 

30 projected into a single light pipe, providing a one-to-one 
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correspondence between each light source and each light 
pipe- The light within the solid light pipe is an intra 
solid beam 46. A portion of the intra solid beam 46 
reaches the light exiting end 13 directly, and the 
5 remainder of the intra solid beam 4 6 reflects from the 
side surfaces 15, 17. The intra-solid beam 46 travels 
roughly parallel to longitudinal axis B. Both the direct 
light and the reflected light exit the light exiting end 
13 as an output beam 48. Although a light unit 49 can 
10 have an adjacent light pipe 32 in combination with a 
dedicated LED 18, a center light pipe 30 in combination 
with a dedicated LED 18 is also a light unit 49. 

The LED' s 18 produce a more desirable intra-solid beam 46 
15 when centered in the LED receptacle 38. One embodiment of 
the lamp 8 employs a light receiving surface 11 in direct 
contact with the LED 18. Preferably, the LED 18 is 
positioned at the focal point 42 of the parabolic surface 
15 of the light pipe 32 for maximum collimation of light. 
20 The light receiving surface 11 can be either flat or 
curved, such as hemispherical in shape. A hemispherical 
light receiving surface 11 produces a more intense intra- 
solid beam 4 6 and consequently a brighter output beam 48. 

25 Light is transmitted from the narrower, light receiving 
end 10 of each light pipe to the other wider light exiting 
end 13 end of the light pipe according to the invention. 
In one embodiment of the invention, one or more light 
exiting surfaces 12 are shaped to redirect the light 

30 received from the light receiving end 10 in a direction 
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that would be better visible to the driver of another 
automobile, for example. The light exiting surface 12 can 
be flat or curved. A flat light exiting surface 12 is 
used when it is desired that the output beam 4 8 be 
5 directed, such as in an automobile headlight. A curved 
light exiting surface 12 is used when the output beam 48 
is intended to be spread, such as when used in an 
automobile turn signal or brake light. 

10 Electromagnetic radiation, such as light, enters the light 
pipe through the light receiving end 10 as the 
electromagnetic radiation beam 44 and becomes an intra- 
solid beam 46. The light pipe is a preferably paraboloid- 
like structure, having at least one generally parabolic 

15 shaped surface. Then, as the intra-solid beam 46 reaches 
the light exiting end 12 the light exits the surface as an 
output beam 48. The output beam 48 can be further 
directed to another a person within the line of sight of 
an automobile, for example. Light from the intra-solid 

20 beam 46 does not escape from the light pipe side surface 
14. The light pipe preferably provides nearly total 
internal reflection. 

The light exiting surfaces 12 of all the light pipes 30, 
25 32 disclosed above are positioned at the light exiting 
ends 13 of each light pipe. In another embodiment of the 
invention, several light pipes are merged together at 
their light exiting ends 13 so that the light exiting 
surfaces 12 are not at the light exiting ends 13 of the 
30 light pipes. Instead, the light exiting surfaces 12 are 
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spaced apart from the light exiting ends 13. In such an 
embodiment, a single light exiting surface 12 emanates 
light from several light pipes. An example of this is 
shown in Figure 8 where the lamp 50 includes a plurality 
of light units 49 and a single light exiting surface 12 in 
the form of a lens top 54. The lens top is preferably 
smooth at the surface most distant from the light units 
49, but may be shaped or faceted. The side surfaces 14 of 
the light pipes 57 intersect with each other to form cusps 
56 and a supra-cusp region 58. The light pipes' side 
surfaces 14 join at about the cusps 56. The material 
under the lens top 54 is preferably solid but may be 
filled with air, or a semi-solid or liquid material. The 
area above the cusps 56 and below the lens top 54 is a 
supra-cusp region 58. 

Figure 9 is a cross sectional view of a plurality of light 
pipes 57 having side surfaces 14 that join at 
intersections 59 below the supra-cusp region 58 and below 
the cusps 56. It will be appreciated that the light 
exiting end 13 is at the point of the cusps 56, not where 
the side surfaces 14 join together at the intersections 
59. 

The lamp 62 shown in Figure 10 differs from the lamp 50 in 
Figure 8 in that there is a cusp border 60 that divides 
the light pipes 57 from the supra-cusp region 58. The 
cusp border 60 permits the supra-cusp region 58 to be 
filled with one medium, medium "A," and the light pipes 57 
to be filled or manufactured from a medium "B." Media "A" 
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and "B" can be the same or different media. The media can 
be a solid, liquid, gaseous, gel, or generally liquid 
material, or any other suitable material. The term 
"generally liquid material" includes liquids, gels, and 
5 semi-solid materials. When the light pipes 57 are filled 
with a medium rather than being solid, the side surfaces 
14 must be of sufficient structural integrity to contain 
the medium. 

10 LED' s are capable of producing and emitting light of a 
wide array of colors, including a generally reddish and 
generally yellowish color. The generally reddish and 
generally yellowish colors are of particular use in 
automobile applications. Where the LED produces a whitish 

15 light, the output beam 4 8 may pass through an additional 
colored lens in automobile applications. The additional 
colored lens may be in contact with the lamp. For lamp 
embodiments using a lens top 54, the lens top itself may 
be colored or coated with a coloring substance. Likewise, 

20 the media that are used to manufacture or fill the non- 
solid light pipes, or supra cusp regions 58 may also be 
colored or coated with a coloring substance. 

The light pipe of the invention is preferably manufactured 
25 from an optically clear medium. The assemblage of light 
pipes of the invention can be manufactured either in one 
piece or from multiple pieces. When manufacturing the 
invention in one piece, a material what will be optically 
clear when hardened can be injected into a mold and 
30 allowed to harden. 
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A multi-part thermoset manufacturing molding method can 
also be used, wherein an epoxy resin is cured in a mold to 
form an optically clear solid. When using the multi-part 
5 thermoset manufacturing method, the epoxy resin must be 
mixed very well and stabilized. Failure to do so can 
result in cloudy and optically uneven and less optically 
efficient light pipes. 

10 Injection-compression molding is yet another way the light 
pipe of the invention can be manufactured. Using this 
technique, a liquid is injected into an open mold. When 
the mold is shut, the portion of the mold covering the 
mold opening compresses the material inside and completes 

15 the mold. Using the injection-compression method allows 
for better cooling in the manufacturing process and 
produces less stress on the light pipe of the invention. 

When manufacturing the invention from two pieces, the 
20 light pipes can be manufactured separately from a lens 
piece. Manufacturing the lamp in two pieces avoids the 
uneven cooling, shrinking, sinking or pitting surfaces 
that sometimes occurs when manufacturing one piece with a 
medium that requires cooling. Manufacturing two pieces 
25 allows each light pipe and lens piece to be of a more 
uniform thickness. The two pieces can be joined using a 
clear adhesive and spin-weld technique, as well as joining 
the two pieces together and submerging them in a solution 
which joins them. 

30 
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Also the part may be produced in a multi-shot injection 
molding process, whereby one shot is made by molding the 
outer surface of the body and a constant wall thickness 
from the retaining flange to the light entrance surfaces, 
5 then a second shot filling the part from the inside 
surface of said first shot, filling the inside volume to 
the brim of the retaining flange, then a third shot that 
fills the volume completely, forming on top of the first 
and second shots a lens exit surface as described above, 
10 for beam shaping. 

The light pipe of the invention can be manufactured from 
clear polyurethane, which avoids uneven cooling, 
shrinking, sinking or pitting surfaces- The light pipe of 
15 the invention can also be manufactured from optically 
clear glass or any other optically clear substance. 

The principle and mode of operation of this invention have 
been described in its preferred embodiments. However, it 
20 should be noted that this invention may be practiced 
otherwise than as specifically illustrated and described 
without departing from its scope - 
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CLAIMS 

1. A lamp for emanating light having two or more light 
units assembled together, each light unit comprising: 

a light pipe having side surfaces to direct light 
from a light receiving end to a light exiting end; and 

a light source; 
wherein each light pipe has a dedicated light source. 

2. The lamp of claim 1, wherein at least one of the 
light sources is a light-emitting diode. 

3. The lamp of claim 1, wherein the light pipes are 
solid. 

4. The lamp of claim 1, wherein at least a portion of a 
side surface of at least one of the light pipes is 
generally parabolic in shape. 

5. The lamp of claim 1, wherein each light pipe is a 
dedicated light pipe. 

6. The lamp of claim 1, wherein at least two light pipes 
share a light exiting surface having a supra-cusp region. 

1. A lamp for emanating light having at least one light 
unit, wherein each light unit comprises: 

a light source; and 

a light pipe having: 

a. a light receiving surface to introduce light 



10 
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from the light source into the solid light pipe in the 
form of an intra-solid beam; 

b. a light exiting surface through which the light 

exits the light pipe; and 

c. a side surface. 

8. The lamp of claim 7, wherein the light source is a 
light-emitting diode emitting colored light. 

9. The lamp of claim 7, wherein at least a portion of a 
side surface of at least one of the light pipes is 
generally parabolic in shape. 

10. The lamp of claim 7, wherein the light receiving 
surface of at least one light unit is generally curved in 
shape. 



11. A lamp for emanating light substantially as herein 
described, with reference to or as shown in the 
2 0 accompanying drawings. 
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